Background and aims. Autogenous onlay bone grafting is a common procedure for alveolar ridge
Introduction
nsufficient bone width is regarded as a major limitation factor in the placement and/or the esthetic outcome of dental implants. To overcome such difficulties use of autogenous bone block as onlay grafts has been suggested. 1, 2 Mandibular symphysis and ramus areas have been considered two most common donor sites to provide adequate bone for lateral ridge augmentation. [3] [4] [5] These areas have various advantages such as intra-oral accessibility and proximity to recipient sites, low morbidity, minimal discomfort, no scar on the skin and maintenance of osseous density. 6 However, resorption changes which occur in the healing period may affect the final outcome of the procedure and lead to a compromised clinical fate. 7 From a clinical point of view, the final expected bucco-lingual width of the available bone and its correlations with the influencing parameters would be a subject of interest.
The purpose of this study was to determine the quantitative changes during the remodeling period of buccal onlay block grafts and to describe the relationship between the original size of the grafted bone and its final volume.
Materials and Methods

Patients
Thirty-two patients (17 males and 15 females) who had referred for dental implants in the private practice were included in this study. Mean age was 40 ± 8.66 (ranging from 20 to 62 years of age). All the subjects had a thin crestal ridge on the anterior maxilla and requested to replace one to three missing teeth with dental implants. Individuals who had a history of any relevant systemic diseases, medication or smoking were excluded. The eligible ones were informed of the purpose of the study and surgical procedures. Before the study, they gave their informed written consent to participate. In addition to oral examination, radiographic findings and diagnostic casts were precisely evaluated to determine the extent of ridge defects before the surgical phase of treatment.
Surgical procedures
The subjects were randomly divided into two groups according to the donor site and operated by one clinician (R.P). Group Ch was assigned to chin and group Ra to ramus. Prophylactic antibiotics were prescribed on the day of surgery and both the donor and recipient surgical sites were anesthetized using an appropriate technique.
A beveled and slightly palatal incision was made at the recipient site to expose the host bone. The bucco-lingual width of residual bone was measured by a pair of crown calipers. To determine the desired size of the graft, the other dimensions of the ridge defects were measured using a periodontal probe. Multiple perforations were made on the cortical bone by a small round bur in order to facilitate the influx of growth factors, platelets and revascularization. 8, 9 In both of the study groups, the appropriate donor site was exposed surgically and a block bone graft was obtained according to a standard method (as described in Reference 10) .
A 1.5-mm hole was prepared through the autograft and all the sharp edges were clipped and smoothed. The grafts were measured in length, width and thickness and then delivered to the recipient site and stabilized in place with mini-screws. No additional bone chips or other bone substitute materials were added to the grafted area.
A type I collagen membrane (Bio-Gide ® , Geistlich Pharma AG, Wolhusen, Switzerland) was applied on the entire graft site in a manner that at least 3 mm of the surrounding native bone was also covered.
In order to have a tension-free flap closure, a periosteal releasing incision was made at the base of the flap. 11 Wound closure was carried out by horizontal mattress and interrupted suture techniques using 4-0 chromic catgut suture material (SUPA ® Medical Devices, Tehran, Iran). At the end of the surgical appointment, the patients were prescribed appropriate medications (including antibiotics, analgesics and antimicrobial oral rinse) and given post-operative instructions.
The sutures were removed after 14 days and monthly follow-up appointments were scheduled. Following a six-month healing period, the grafted sites were re-opened using full thickness flaps and the widths of the alveolar ridge were measured again as described previously. 
Statistical analysis
The difference between the initial and final ridge widths was considered as lateral ridge augmentation (RA). The mean dimensions (including the initial and final ridge widths, RA, length, width, surface area and the thickness of the grafts) were calculated. Data were evaluated for normality by KolmogrovSmirnov test and paired sample t-test was used to compare the initial and final ridge widths in each group of the study. In order to compare the RA between the two groups, t-test was used. Additionally, Pearson's correlation test was used to determine any correlation between the initial dimensions of the bone graft and the amount of RA.
Results
All the participants underwent the surgical procedures successfully without any major complications at the recipient or donor sites. Soft tissue healing was uneventful; however, there were some reports of swelling, pain and ecchymosis which subsided within several days after medications were prescribed and/or post-operative instructions were given.
Although there was no significant difference in the initial ridge width, the amount of lateral ridge augmentation in the chin group was significantly greater than the ramus group (p < 0.05).
The mean initial and final bucco-lingual widths of the alveolar ridge as well as the mean dimensions of the grafts in each group are shown in Table 1 . A significant degree of lateral ridge augmentation was obtained in all the subjects following the bone grafting procedures (mean 1.98 ± 0.21 mm, p <0.001). The clinical appearance of the augmented ridge was firm and resistant to removal by a curette. Figure 1 presents the differences between the initial and final ridge widths in all the groups of the study.
As shown in Table 1 , the augmented ridge by symphysis grafts was significantly wider than the ramus grafts (p <0.05) and the symphysis area provided thicker and larger grafts in comparison with the ramus area (p <0.01).
There was also a significant direct correlation between the graft thickness, graft area, and the original ridge width and the amount of ridge augmentation (r =0.6, r =0.4 and r = 0.38, respectively). However, we did not find any significant correlation between the age of the patients and the outcome of the procedure. There were no significant differences between male and female patients.
Discussion
Available literature indicates the efficacy and predictability of intra-oral autogenous onlay bone grafts for augmenting the width of the anterior maxilla. 2, 3, 12 However, regarding the remodeling events which are involved in the healing process of bone grafts, it has been revealed that the amount of augmented bone following buccal onlay grafts is significantly less than the initial quantity. [13] [14] [15] It has been suggested that various factors might influence the fate of bone grafting procedures. Successful bone grafting requires concurrent revascularization and replacement of the graft. 16 There is substantial evidence that intra-membranous bones (such as mandible) show less resorption and revascularize more rapidly than endochondral bones. [17] [18] [19] However, the scientific rationale for this benefit of embryologic origin has never been documented. On the other hand, according to some studies resorption of onlay grafts depends on the relative ratio of cortical to cancellous bone rather than the embryologic origin. 20, 21 This study confirms that remodeling of bone grafts may affect the fate of lateral ridge augmentation procedures, yet some technical predicting factors may have a role in the outcome of the procedure. According to previous reports, the recipient site (mandible vs. maxilla) 14 , smoking and other factors relating to patients' systemic backgrounds may influence the clinical results of augmentation procedures. However, we controlled these confounding variables by defining the inclusion and exclusion criteria in such a manner that ultimately only matched subjects with similar initial ridge widths were included in the study. This enabled us to compare the quantitative changes that depend more on the bone graft than on other parameters affecting the outcome of the procedure.
In the present study there was a statistically significant difference between the initial and final ridge widths in both groups. These findings indicated that either chin or ramus grafts are capable of increasing the width of the alveolar bone. Thus, the results of this study are consistent with the observations made in previous studies indicating the effectiveness of mandibular ramus or chin onlay grafts in lateral ridge augmentation. 14 Whilst the increased failure rate reported for autogenous bone grafts exceeded 12 cm in length and diminished to 17% when the length was < 6 cm 22 or < 5cm 23 , in the present study a direct correlation was found between the initial size of the bone graft and the amount of ridge augmentation. In our opinion this is the reason why chin grafts were more effective than ramus grafts. However, those lengths of bone grafts are rarely available from intra-oral donor sites and are indicated for more complicated unusual cases. The abovementioned studies were conducted to evaluate the clinical results of grafting procedures for mandible, which possesses less potential for bone augmentation than maxilla. 15 Within the limits of this study, it can be concluded that in comparison with the ramus, chin area affords more available bone that can be harvested for grafting purposes. The amount of post-operative resorption of larger bone grafts was significantly less than the smaller ones. These findings may be attributed to the fact that larger grafts, compared to smaller grafts, are more resistant to the resorptive phenomenon that is involved in the healing processes of buccal onlay grafts. 
